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Fig.1 Machine precision reverse design
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Tab.3 Design result and measurement result for each

NC axis geometry precision in YK2275
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D — H Quaternion Method for Inverse Kinematics of Serial Mechanisms

Zhang Zhonghai Li Duanling
(School of Automation, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract; The normal quaternion method of inverse kinematics of serial mechanisms has the limitation of
lacking equations and is difficult to solve. In order to solve these problems and put forward a new method
of inverse kinematics of serial mechanisms, a D — H quaternion method for inverse kinematics of serial
mechanisms is proposed. The general equation of quaternion transformation including D — H parameters
was given first. Two equations of position and posture were obtained by separating the general equation of
quaternion transformation. By these two equations, an equation system with seven equations was
constructed, which met the number requirement of the equations for inverse kinematics of serial
mechanisms with more than four degrees of freedom. In order to lower the difficulty in solving equations,
the degree of posture equation was reduced to half by taking half of the trigonometric function in the
original posture equation to construct a new posture equation. By using the proposed D — H quaternion
method, the inverse kinematics of PUMA robot was analyzed, and eight groups of inverse solutions were
obtained. Three dimensional models of PUMA robot were established based on the eight groups of inverse
solutions. Measured results of end positions and postures in the three dimensional models are consistent
with the given values. The example of PUMA robot shows the correctness and validity of the proposed
D — H quaternion method.

Key words: Serial mechanism Inverse kinematics D — H quaternion PUMA robot
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Precision Reverse Design of Numerical Controlled (NC)
Machine on the Basis of Multibody Theory

Xing Yuan Zhang Lianhong He Baiyan Wang Shuxin
(Key Laboratory of Mechanism Theory and Equipment Design, Ministry of Education ,
Tianjin University , Tianjin 300072, China)

Abstract; Usually machine geometry precision design is preformed depending on human experience but
not reference data form design theory. To learn numerical effect an approximate model of relationship
between machine geometry precision and product machining precision is provided based on multibody
theory. The analysis results by Monte Carlo sampling would deduce geometry precision of each axis in
machine. Taking geometry precision design of spiral bevel gear milling machine as an example, the
approximate model well explains effect of machine geometry error on gear product surface machining
quality by explicit. Then geometry precision of each axis is obtained by mapping from tooth surface
machining precision.

Key words; Multibody theory NC machining  Geometry precision Machining precision Reverse

design



